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NE of the most controversial sub- 
O jects of organic chemistry has been, 
and to a great extent still is, that of free 
radicals. During the early vears of 
organic chemistry, when organic com- 
pounds were believed to be under the 
influence of life forces, Berzelius ex- 
tended his electrochemical theory of 
inorganic substances to those of organic 
nature. In 1819, he reintroduced the idea 
of compound organic radicals which 
earlier had been conceived by Lavoisier 


and extended by Gay-Lussac. Nine 
vears later Dumas announced that 


ethylene was such a radical and gave a 
table of its compounds, attempting to 
show an analogy between them and 
those of ammonia. The theory received 
its greatest support from the classical 
researches of Liebig and Wohler, O7 the 
Radical of Benzoic Acid, published in 
1832. Berzelius was inclined to the 
belief that organic radicals were un- 
changeable, but Liebig took a broader 
view, looking upon his grouping of the 
elements merely as a means to a better 
understanding of the transformations 
these bodies undergo. 

Liebig and Dumas united in some 
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valuable investigations in this field, and 
in a joint publication declared: 

‘Organic chemistry possesses its own ele- 
ments, playing at one time the role of chlorine 
or oxygen, at another that of a metal. Cyan, 
benzol, amide, the radicals of ammonia, of 
the fats, of alcohol form the true elements of 
organic nature; whilst the simplest constitu- 
ents, as carbon, hydrogen, oxygen, and nitro- 
gen become recognizable only when the 
organic material has become destroyed.”’ 


This view of the similarity of organic 
radicals with inorganic elements was 
widely held and a great amount of effort 
was expended in vain attempts to isolate 
such compound radicals in their free state. 
Many of the early chemists thought that 
the actual isolation of the free radicals 
was only a matter of time; Bunsen, 
before 1840, believed he had obtained 
the free radical cacodyl (CH3)2As. In 
the same laboratory, Frankland ob- 
tained a gas with the empirical formula 
C.H; which he regarded as ethyl but 
which in reality was butane; and Kolbe 
obtained ethane which he erroneously 
characterized as free methyl. Shortly 
after 1860, Schorlemmer cleared up the 
uncertainty of several years’ standing 
regarding these two “free radicals.”’ 
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The general acceptance of the quadri- 
valence of carbon and the rapid devel- 
opments in organic chemistry based on 
this idea largely discouraged further 
search for free radicals, and, in 1896, 
Ostwald declared, “in the nature of 
radicals lies the explanation why they 
cannot be isolated.”’ Yet only four years 
later, Gomberg isolated triphenyl methy] 
by the action of silver on tripheny| 
chloromethane as indicated below: 


(C6H;)3CCl+Ag a (Cs6H5)3C — +AgCl. 


This revived the interest in free radicals. 

Gomberg’s results were accepted with 
considerable hesitation and reluctance, 
and it was not until 1910 that it was 
firmly established that free radicals 
could be isolated. Tripheny! methyl] in 
solution was found to be an equilibrium 
mixture of the monomer and dimer, the 
former being present to only a slight 
extent. Other triarylmethyls exist in 
solution almost entirely as the monomer. 

Although the free radicals were not 
obtained before the turn of the century, 
the first one isolated, triphenyl methyl, 
showed remarkable stability in the solid 
state. Gomberg reported a sample which, 
after twenty years of storage, was found 
to absorb just as much oxygen as when 
first obtained. 

The presence of benzene and a hydro- 
carbon of high boiling point (melting at 
57° C.) among the products of the re- 
action of sodium on chlorobenzene had 
been noted. Prompted by this observa- 
tion, Bachmann and Clarke studied the 
mechanism of the Wurtz-Fittig reaction, 
and identified the hydrocarbon in ques- 
tion as ortho-diphenylbenzene. Other 
hydrocarbons, among them o,o’-d!- 
phenyl! biphenyl and triphenylene, were 
isolated. Their formation involves the 
interaction of two free phenyl radicals 
to produce benzene and free phenylene 


2C.H;— —C.Het+ C.H r< 


which condenses either with two other 





molecules of itself, to give triphenylene 
/oHg 
3CyH << — C,H “4 | 
NCS H 4 
or with phenyl, to form diphenyl ben- 
zene and diphenyl biphenyl, 
CeH 4 i -+- 2CsH a ee CeHs-CeHs'CeH; 
2CsHi< +2C,.H; — we 
Cev>Hs-CseHs'CsaH4a'CoeHs. 

Krom the reaction of sodium on 
n-heptyl bromide, the same authors 
concluded that this type of reaction 
appears to be general for the bromides 
of primary alcohols, and that the Wurtz 
synthesis of aliphatic hydrocarbons 
appears to proceed along lines analogous 
to those taken by the Fittig synthesis. 

Paneth and Hofeditz, using physical 
chemical methods, demonstrated the 
fleeting existence of free methyl radicals. 
They showed that lead tetramethy! 
heated at low pressures in a stream of 
hydrogen can be decomposed into 
metallic lead and free methyl. The free 
methyl groups are rapidly carried out 
of the heated zone and impinged on 
metallic mirrors formed by distilling 
metals onto the walls of the vessel. The 
organometallic derivative thus formed 
distills away and the removal of the 
metallic film is indicative of the presence 
of the free aliphatic radical. The free 
methyl groups combine very rapidly 
on leaving the furnace and their half 
life was found to be only 0.006 seconds. 
The free ethyl radical was later prepared, 
and its properties and half life were 
found to be similar to those of methyl. 
Lead, antimony, zinc, cadmium, and 
tellurium produce satisfactory metallic 
mirrors for this type of investigation. 
Metallo-organic compounds, other than 
those of lead, and even nonmetallic 
alkyls have been decomposed into free 
radicals under favorable conditions. 

Free radicals have been found to be 
effective in initiating the decomposition 
of more stable organic compounds. 
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Thus, Frey, by employing methyl 
radicals derived from dimethyl mercury 
in butane, under conditions of stability 
for pure butane, found that more than 
20 equivalents of the latter were affected. 
It has also been shown that acetalde- 
hyde, containing a small amount of 
azomethane, is converted to carbon 
monoxide and other substances at 
temperatures at which acetaldehyde 
alone is quite inert. Leermakers studied 
the photolysis of acetaidehyde and the 
decomposition of methyl and ethyl ethers 


induced by free methyl. Chain reactions 
were initiated in both instances, thus 
supporting the chain theory advanced 
by Rice and Heizfeld for thermal 
disintegration of several organic com- 
pounds investigated. 

At present, interest in free radicals is 
centered, to a great extent, on the part 
they play in the kinetics of organic 
reactions. The accumulating evidence 
seems to indicate that in the conception 
of free radicals there is developing a new 
philosophy of organic chemistry. 
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XL REAGENTS FOR ALUMINUM 


8-HyDROXYQUINOLINE 


Zan’'ko and Butenko, ZAvopsKAyA 
Las., 5, +15 (1936), see also C. A., 30, 
5903 (Sept. 10, 1936) 


Mixtures of iron, titanium, and alumi- 
num may be analyzed for aluminum by 
means of 8-hydroxyquinoline. The pro- 
cedure depends upon control of the 
acetic acid acidity and the balance be- 
tween tartaric acid and ammonium 
oxalate ions. Iron and titanium are 
removed by separate precipitations with 
8-hydroxyquinoline under conditions 
which do not precipitate the aluminum. 
The solution then is made alkaline with 
ammonium hydroxide, and the alumi- 
num precipitated with 8-hydroxyquin- 
oline in acetic acid. The precipitate may 
be weighed after ignition or analyzed 
volumetrically. 


CUPFERRON 


Meunier, Compr. Renp., /99, 1250 
(1934) 


This method for the micro determina- 
tion of aluminum is not affected by the 
presence of phosphate ions, nor metals, 
such as iron, titanium, etc. It has been 


found satisfactory for use with complex 
media such as are encountered in bio- 
chemical investigations. 

The aluminum salt of cupferron 
forms a colloidal solution, the opacity 
of which is determined. The interfering 
metals are removed by extraction of 
their cupferron precipitates with chloro- 
form at pH>2. The acidity is then ad- 
justed to a pH 2.5-4.5, after which 
additional cupferron is introduced, and 
the resulting opacity determined. An 
accuracy of 5 parts in 100 has been 
obtained in one gram of plant tissue to 
which was added 0.01 mg. of aluminum. 


SALICYLIC ACID 


Young and Lay, Conrris. Inst. 
Cuem., Nat. Acap. Perpinc, 7, 181 
(1935) 


Aluminum can be determined from 
neutral solutions of aluminum salts by 
precipitation as the basic aluminum 
salicylate and ignition of the precipitate 
to AlxO3. The salicylate compound can 
be filtered more rapidly than the hy- 
drous aluminum oxide, and the results 
are better than those obtained with the 
lithium aluminate method. 
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A Vacuum Concentrator 


N THE synthesis of many organic chem-__ of purification, this solvent, which acts 
icals, the reaction takes place in the only as a carrier for the solid or oily 


presence of a solvent..During the course final product, must be removed. The 





elimination becomes difficult 
when thenature of the chem- 
ical is such that it tends to 
decompose upon heating, so 
that the usual methods of 
distillation or evaporation 
with heat cannot be used. 
The illustration shows 
the apparatus used in the 
preparation of purified 
grades of certain. Eastman 
Organic Chemicals which 
would decompose if the 
solvent were removed by 
the usual methods. In this 
equipment, the chemical is 
concentrated under vacuum. 
The solution is drawn rapid- 
ly by vacuum through en- 
closed heated tubes (A). 
These tubes, which are of 
glass, nickel, or iron, de- 
pending upon the nature of 
the product, are maintained 
at a temperature consider- 
ably higher than the normal 
distillation temperature of 
the solvent. The passage is 
so rapid and the time of 
contact in the heated zone 
so short, however, that, 
although the solvent is re- 
moved, practically no de- 
composition of the chemical 
occurs. After passing through 
these tubes, the solvent, in 
the form of vapor, is drawn 
off through the condenser 
(B) to the reservoir (C). 
The pure solid or oily 
chemical is deposited in the 
flask (D) which may be 
emptied as desired into the 
auxiliary container (EF). 
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